Zea mays was exposed to solutions of low water potentials by addition of ethylene glycol or mannitol. Intact seedlings were treated for 1 hr at potentials between -10 and -20 atmospheres and then returned to high water potentials.
Subsequent root extension was slow after mannitol treatment, but rapid when ethylene glycol had been used as the osmoticum. Cellular activity of excised roots was also affected much less by ethylene glycol than by mannitol. Processes studied included respiration, glucose uptake, and synthesis of methanol-insoluble compounds. These differences in response to various osmotica applied both during and after treatment at low water potentials.
Ethylene glycol penetrated the tissues much more rapidly than mannitol. Rapid penetration of the osmoticum would minimize turgor loss and plasmolysis. Thus, the data suggest that adverse effects were induced by water loss or structural changes, or both, during plasmolysis, rather than by low water potentials, demonstrating the crucial importance of osmotic adjustment.
Respiration and synthesis of macromolecules are reduced when water potentials of plant tissues are lowered by addition of mannitol, glycerol, or polyethylene glycols (1) (2) (3) (4) (5) 12) . Vacuolated tissues decrease further in cellular activity when the treated tissues are transferred from low to high water potentials (2, 3) . On the other hand, nonvacuolated tissues recover after a return to high water potentials, with normal rates of respiration, glucose uptake, and synthesis of methanol-insoluble compounds (3) . It is uncertain whether all these adverse effects are due to low water potentials per se, or to associated decreases in turgor and hydration. Ordin value twice that of mannitol. Further complications arose from the use of mannitol-1-'4C; i.e., the estimate of CO2 evolution by 14CO2 would be in doubt by a factor of 6. For '4C-ethylene glycol, the KOH used to collect the CO2 contained 14C in forms other than K214CO3. Therefore, 14C032-was precipitated as BaCO3, and the '4CO2 content was assessed by difference in counts before and after precipitation.
Radioactive mannitol was obtained from the RadioChemical Center at Amersham, England, and ethylene-1 , 2-14C glycol from Tracerlab, Waltham, Masschusetts.
RESULTS
Penetration of Osmotica. Ethylene glycol penetrated rather rapidly into both vacuolated and nonvacuolated tissues ( Fig. 1 ) After 3 hr there was no significant increase in the amount of ethylene glycol in the tissues at 25 C. The ratio of internal concentration to external concentration (Ci/Ce) for vacuolated tissues was about 0.8 during the remaining 21 hr of the experiment (Fig. 1) Mannitol penetrated the tissues slowly, after an initial rapid uptake into the free space (Fig. 1) . After 24 hr the Ci/Ce was only 0.22 in vacuolated tissues, indicating that a large proportion of the internal cellular volume had not been penetrated by mannitol. Nonvacuolated tissues had Ci/Ce ratios of 0.4 and 0.6 at 3 and 5 hr after the addition of mannitol (Fig. 1) . Even so, the penetration of mannitol was much slower than that of ethylene glycol. Moreover, the experiment with nonvacuolated tissues was at 25 C and some metabolic incorporation of the 14C, from 14C mannitol, might have occurred.
Growth after a Short Term Exposure to Various Osmotica. IntactZ. mays seedlings were exposed for 1 hr to various osmotica at -10 and -20 atm, and subsequent growth was determined over a 3-day period. A prior treatment with ethylene glycol induced only moderate reductions in subsequent root extension, while dry weight of roots and shoots was not significantly affected (Fig. 2) . In contrast, growth was severely depressed by a similar 1-hr treatment with mannitol (Fig. 2) . The decline in root extension subsequent to a 1-hr mannitol treatment was confirmed in a similar experiment. In that experiment dry weight of roots was also measured over a 3-day period, following a 1-hr exposure to -20 atm. The dry weight of the roots from the plants previously treated with mannitol declined from 6.3 to 4.6 mg, while roots from plants continuously at high water potentials increased from 6.3 to 8.0 mg.
Endogenous Respiration. Ethylene glycol induced transient increases in 02 uptake by maize root tissues immediately following addition, though these were smaller than those observed for glycerol (Fig. 3) . Ethylene glycol at -20.8 atm did not greatly reduce 02 uptake, by either vacuolated or nonvacuolated root tissues of Z. mays (Table I) . Moreover, when the vacuolated tissues were transferred from -20.8 to -0.8 atm, their 02 uptake was approximately the same as that by tissues continuously at -0.8 atm. Ethylene glycol treatment also did not change the respiratory quotients, which were close to I for both treated and control tissues. In all cases mannitol caused large reductions in 02 uptake (Table I ) and CO2 evolution. These results and those described in the preceding paper (3) were all induced by sudden changes of water potential. However, similar results were obtained when water potentials were adjusted in steps of -1 atm every 5 min (Table I) .
Glucose Metabolism. Further experiments showed that ethylene glycol had little effect on '4C-glucose metabolism by either vacuolated or nonvacuolated tissues (Fig. 4 ). This applied even in those cases where similar variations in water potentials, induced by mannitol, gave severe decreases in 14C-glucose uptake, 14CO2 evolution, and 14C incorporation into methanol-insoluble compounds (Fig. 4) The contribution to CO2 evolution by metabolism of mannitol at -20 atm was assessed for nonvacuolated tissues. The only meaningful result was obtained after removal of mannitol when its metabolism contributed at most 15% to the total CO2 evolution. This is likely to be a gross overestimate, as shown by the assessed contributions during the preceding mannitol treatment. TIhese were two to four times greater than the actual CO2 evolution, measured in respirometers. Such overestimates are presumably due to impurities in the 14C-mannitol or to the assumption that the '4C02 evolution represented complete breakdown of the mannitol (see "Methods").
In conclusion, the validity of the values obtained with respirometers, in the present and preceding paper (3), were suspect only during mannitol treatment. In that case the rate of endogenous CO2 evolution might have been greatly overestimated. However, this is unlikely because mannitol reduced CO2 evolution to the same degree, whether measured in respirometers or by 14CO, evolution during metabolism of 14C-glucose (3).
DISCUSSION
Results with different osmotica demonstrated the crucial importance of dehydration and turgor loss. Low water potentials per se were studied by minimizing turgor loss, with rapidly permeating ethylene glycol. This osmoticum induced few adverse effects. Results on 14C incorporation into methanol-insoluble compounds suggested that even macromolecule synthesis, which is very sensitive to moderate water deficits (1, 5, 12) , was not affected by ethylene glycol. In contrast, respiration and growth were severely affected following reductions in turgor and water content, which were induced when external water potentials were lowered by slowly permeating solutes, like mannitol and glycerol. The conclusion that turgor loss is important was also reached in studies on Avena coleoptiles (7) and germinating seeds (6) . However, in the Avena coleoptiles ethylene glycol had effects similar to mannitol and glycerol (8) , and the conclusions were based on pretreatment of the tissues with Cl- (7) . Importance of turgor loss was also shown by the high tolerance of beetroot discs, when these had a low osmotic potential before being treated with osmotica (11) .
Metabolism of ethylene glycol itself possibly contributed systems. The results presented also suggest that studies on growth under water deficits require a measure of cell hydration rather than of cell water potentials, the latter being more relevant to the study of water movement.
